combines with oxygen to form water in an electrochemical reaction. The electrons travelling through an external circuit constitute a small electric current of a magnitude proportional to the hydrogen concentration at the electrode. Small concentrations of hydrogen added to inspired air are distributed throughout the body tissues and are detected by implanted platinum electrodes. On withdrawal of the hydrogen, a washout curve is obtained which reflects blood flow to adiacent tissue ( Figure 2 ).
Myocardial blood flows were calculated from these hydrogen clearance curves. The half time (t/2) was measured from a semi-logarithmic plot of hydrogen concentration with time. The flow was then calculated using the formula: flow = 0.693 --t/25,~ The tissue/blood solubility coefficient for hydrogen was assumed to be 1.0."
MANUFACTURE AND INSERTION OF ELECTRODES
The electrodes were made from Teflon-coated multistrand, stainless-steel pacemaker wire (Flexon 2597-63; American Cyanamid Co., Pearl River, N.Y.). Near the end to be implanted, 1 mm of the Teflon coating was removed and the exposed area was tightly wrapped with 36-gauge stainless-steel wire. This wire-wrapped portion of the electrode was electroplated by brief immersion in 5 per cent platinic 
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Fxcun~. 2. Hydrogen washout curves from which myocardial blood flow is calculated.
chloride solution, using a voltage of 1.5. Only a very light plating was needed to produce sensitive and stable electrodes. The electrodes were sterilized and were surgically implanted in the left ventricular myocardium. A reference electrode was placed adjacent to each active electrode to reduce mutual interference by their electric fields and to minimize the amplitude of the ECG signal received, thus increasing the signal:noise ratio. One pair of electrodes was placed in the superficial layer of the myocardium (3 ram), and the other pair in the deep layer (8 mm). The proximal ends of the electrodes were enclosed in a small Teflon capsule and placed in a subcutaneous pouch, for easy retrieval without opening the chest at the start of each experiment.
At the end of the series of experiments the dogs were sacrificed. The heart was removed and sliced and relevant areas were radiographed to confirm the position of the electrodes ( Figure 3 ).
EXPERIMENTAL PROCEDURE ( FIGURE 4)
In each dog, the first experiment was done at least two weeks after insertion of the electrodes. The dog was anaesthetized, intubated, and ventilated with air, using a Volgyesi ventilator. 7 The dog was placed on a warming blanket and its rectal temperature was monitored with a thermister probe. Tidal volume was maintained constant and the frequency was varied to produce normocarbia (Paco2 = 37 mm Hg) or hypocarbia (Paco2 = 23 mm Hg), confirmed by frequent blood-gas studies. Catheters were inserted into the aorta through the femoral artery and into the right atrium through a peripheral vein. The electrocardiogram (ECG), aortic blood pressure curve, mean aortic blood pressure (MABP), and right atrial pressure (RAP) were recorded on a Beckman Dynograph recorder, model RM. Cardiac output was measured by an indicator-dilution technique, using indoeyanine green dye. The hydrogen electrode wires were recovered from the subcutaneous pouch and attached to a sterilized terminal block. The electric signal from the electrodes, produced in the presence of H2, was processed through an amplifier and a low-pass filter* to remove the superimposed ECG signal, and recorded on a strip chart recorder.
For measurement of myocardial blood flow (MBF), the air was turned off and the dog was ventilated with a mixture of 4 per cent hydrogen, 21 per cent oxygen, with nitrogen to 100 per cent. Hydrogen washout curves were plotted from the point of which air was substituted for the ventilating mixture. To ensure smooth curves and a stable base line, no other measurements were taken during this time.
Heart rate, MABP, cardiac output, and subepicardial and subendocardial blood flow were measured during both pentobarbitone anaesthesia and 0.5 per cent halothane administration. Each experiment was repeated at the two arterial CO2 tensions. Myocardial vascular resistance (MVR) was calculated from the formula:
A total of seven experiments were performed, and the results were analyzed with the paired t-test.
RESVLTS
Hyperventilation during pentobarbitone anaesthesia was followed by a fall in cardiac output and in both superficial and deep myocardial blood flow, but did not alter heart rate or mean aortic pressures (Table 1 B) ; myocardial vascular resistance (Table II B) was significantly increased at both superficial and deep levels.
The addition of 0.5 per cent halothane decreased cardiac output and myocardial blood flows (Table I C) but did not significantly alter MVR (Table II C) .
As will be seen from Table I D, hyperventilation combined with halothane (Paco2 = 22 mm Hg) caused the greatest decrease in flow to both superficial and deep areas of the myocardium; however, MVR did not significantly change (Table  IID) ,
The ratio between deep and superfieial flows did not alter significantly during hyperventilation or halothane administration,
DISCUSStON
The method described for measuring regional myocardial blood flow has several advantages. With it, one can measure blood flow to a discrete area and can repeat these measurements many times, permitting investigation of changes in the distribution of total coronary blood flow within the left ventricular wall. It should be noted, however, that this method measures the average flow during systole and diastole over a period of several minutes.
Under control conditions during pentobarbitone anaesthesia there was no signifcant difference in blood flow to superficial and deep areas of the left ventricle. Several authors ~-8 have reported this uniformity of flow, but at least one group 4 has described differences between deep and superficial myocardial blood flows.
We could find no reports in the literature of the effects of hyperventilation on the distribution of myocardial blood flow although a fall of approximately 9.0 per cent in total myocardial blood flow induced by hyperventilation and similar falls in total coronary blood flow, :~,1~ have been described. The present experiments indicate that the decrease in blood flow to the myocardium during hyperventilation is uniform in the regions measured, namely, the subendocardium and subepicardium, and that this decrease in flow is associated with an increase in MVR at both levels.
The addition of 0.5 per cent halothane decreased cardiac output and uniformly decreased deep and superficial myocardial blood flow approximating reported halothane-induced changes in total myocardial blood flows. ~1 MVR in both regions of the myocardium showed a slight, insignificant rise, as has been observed by others. 11,12 The fall in myocardial blood flow with halothane is probably secondary to the known decrease in both cardiac output and myocardial oxygen consumption during inhalation of this agent. Hyperventilation with 0.5 per cent halothane caused the greatest fall in both superficial and deep myocardial blood flow (approximately 30 per cent) and in cardiac output, but was not associated with significant changes in myocardial vascular resistance.
These experiments demonstrate that neither low concentrations of halothane nor respiratory alkalosis alter the distribution of myocardial blood flow under the conditions of the study. The observed effects of hyperventilation on myocardial blood flow and myocardial vascular resistance suggest that respiratory alkalosis may have adverse effects on myocardial perfusion during clinical anaesthesia. *Mean values 4-S.D.; n = 7. N.S. = not significant.
SUMMARY
A method for measuring regional myocardial blood flow with a polarographic hydrogen-clearance technique, and its experimental application in dogs, are described. Under pentobarbitone anaesthesia, flow to the superficial (3 mm) and deep (8 mm) layers of the left ventricle was not significantly different. Neither hypocapnia (Paco2 = 24 mm Hg) nor halothane significantly altered differential distribution of blood flow to the superficial and deep layers of the myocardium. Hypocapnia was followed by a fall in myocardial blood flow (MBF) associated with increased myocardial vascular resistance (MVR).
Administration of halothane 0.5 per cent at normal levels of Paco2 led to a fall in MBF of approximately 20 per cent with no significant changes in MVR.
R~str~i
Ce travail ddcrit une mdthode de mesure du riot sanguin rdgional du myocarde par une technique polarographique de l'dlimination de l'hydrog~ne et son utilisation exp6rimentale chez le chien.
Sous anesth6sie au Pentobarbital, les ddbits sanguins mesurds dans les couches superficielle (3 ram) et profonde (8 mm) de la paroi du ventricule gauche front montrd que des diffdrences insignifiantes.
Ni l'hypocapnie (Paco2 = 24 mm Hg) ni l'Halothane n'ont modifid de fa~on sensible la distribution du d6bit aux couches superficielle et profonde du myocarde. L'hypocapnie a entraln~ une chute du ddbit sanguin myocardique accompagnde d'une augmentation de la r6sistance vasculaire.
Sous des conditions d'eucapnie, radministration d'Halothaue (0.5 pour cent) rdduit le riot sanguin myocardique d'environ 20 pour cent sans changement sensible de la r6sistance vasculaire.
